The identification and exploration of the detailed organization of organs or of the whole body at the cellular level are fundamental challenges in biology. Transitional methods require a substantial amount of time and effort to obtain a 3D image and including sectioning the intact tissue, immunolabeling, and imaging serially-sectioned tissue, which produces a loss of information at each step of the process. In recently developed approaches for high-resolution imaging within intact tissue, molecular characterization has been restricted to the labeling of proteins. However, currently available protocols for organ clearing require a considerably long process time, making it difficult to implement tissue clearing techniques in the lab. We recently established a rapid and highly-reproducible protocol termed ACT-PRESTO (active clarity technique-pressure related efficient and stable transfer of macromolecules into organs), which allows for tissue clearance within several hours. Moreover, ACT-PRESTO enables rapid immunolabeling with conventional methods and accelerates antibody penetration into the deep layer of denselyformed, thick specimens by applying pressure or convection flow. We describe how to prepare tissues, how to clear by lipid removal using electrophoresis, and how to immuno-stain by a pressure-assisted delivery. The rapidity and consistency of the protocol will expedite the performance of 3D histological research and volume-based diagnoses.
Introduction
One of the challenges in neuroscience is the visualization of neuronal circuit wiring and individual cells within intact brain tissue. Until recently, demonstrating the connections between neurons in this way required 1) serial sectioning of tissues; 2) molecular labeling of specific targets, such as axons or proteins; and 3) visualization by 3D reconstruction of the whole brain via computational registering or alignment of 2D serial images 1 . These steps are laborious, require a great deal of time, and are liable to lose information during sectioning and labeling, making neuronal network mapping exceedingly difficult. However, many methods that allow for the visualization of intact tissue without sectioning have been developed. Biological tissues can be made optically transparent by tissue-clearing techniques [2] [3] [4] [5] [6] [7] [8] [9] [10] . One of the major methods is to reduce refractive index differences between the intact tissue and the immersion solution in order to reduce light scattering in the intact tissue, thus rendering the tissue transparent and enabling the observation of deep structures. Some types of immersion solutions have hydrophobic properties, which result in fast fluorescent quenching during the dehydration procedure. Therefore, those methods are not compatible with fluorescent imaging over a long period of time 11, 12 . Instead of hydrophobic reagents, other methods use hydrophilic reagents for tissue clearing, such as SeeDB 4 and Scale
6
, which maintain the structural information and fluorescence of the biological tissue 4, 6, 8 . However, macromolecules, including antibodies, cannot reach the core of intact tissue by diffusion alone. Therefore, the pre-labeling of target molecules in deep areas of densely-packed tissues is technically challenging.
In a recently-developed tissue-clearing method, CLARITY 3 , a hydrogel-embedded biological tissue is formed with acrylamide, and lipids are removed by electrophoresis under sodium dodecyl sulfate (SDS)-containing solution. The sample is then immersed in a solution with a matching reflective index to reduce light scattering 3 . The lipid removal system was later modified in advanced CLARITY 13 and PACT (passive clarity technique) 10 . After polymerization, acrylamide chains crosslink with proteins, forming hydrogel-tissue. Lipid components cannot crosslink with acrylamide; thus, lipids can be eliminated by electrophoresis under the SDS-containing buffer. Through the active elimination of lipids, brain tissue markedly increases in transparency 9 . However, these methods do not address the impossibility of deep-labeling by free diffusion. To overcome this limitation, techniques for the active transport of reagents into the deepest parts of thick tissues are required.
Although CLARITY allows tissue clearing and deep-tissue visualization, it is not an easy or fast procedure. It can take several weeks to clear a whole mouse brain 7, 14 . Rapid clearing of tissues is essential for the application of such methods to basic or clinical laboratory settings for life science research or volume diagnosis. The current protocol provides a simplified process for biological tissue clearance and subsequent protein .
CAUTION:
PFA solution is toxic. The preparation of PFA solution and all subsequent handling must be conducted in a fume hood and with personal protective equipment. 3. Cut off the mouse head, open up the skin, and break the skull between the eyes using small scissors. 4. Remove pieces of the skull using small, curved forceps. 5. Take out the brain or desired organs. 6. Incubate the brain and organs in post-fix 4% PFA solution at 4 °C overnight.
NOTE: For specific-region tissue clearing, dissect the specific region or trim the tissue after tissue fixation. CAUTION: PFA solution is toxic. The transcardial perfusion and all subsequent mouse handling must be conducted in a fume hood and with personal protective equipment.
Hydrogel Monomer Infusion and Polymerization
1. Incubate the fixed organs in A4P0 hydrogel monomer solution at 4 °C for 12-24 h with gentle shaking. 2. Hydrogel monomer-infused tissue polymerization. 1. Transfer the sample to a 10 mL round-bottom tube with 5 mL of hydrogel monomer solution. Wrap the top of the round-bottom tube with Parafilm. 2. Remove the oxygen from the round-bottom tube containing the hydrogel-infused whole mouse brain sample by bubbling nitrogen through the liquid for 1 min. Quickly and tightly close the sample-containing tube.
3. Transfer the tube to a water-bath (37 °C) for 2 h. 4. Wash the polymerized sample briefly with 0.1x PBS to remove excess hydrogel. CAUTION: Hydrogel monomers are toxic. To avoid skin contact with hydrogel monomer, perform all procedures in a fume hood and with personal protective equipment, including a face shield, a laboratory coat, and gloves. NOTE: Polymerized tissues can be stored in 0.1x PBS containing sodium azide for more than 2 weeks at 4 °C. CAUTION: Sodium azide is highly and acutely toxic. Perform all procedures in a fume hood and with personal protective equipment, including a face shield, a laboratory coat, and gloves.
Electrophoretic Tissue Clearing (ETC)
1. Transfer the polymerized sample to a tissue container and place the tissue container in the ETC chamber. 2. Fill the ETC chamber with ETC buffer using peristatic pump. 3. Set the ETC conditions and run the ETC. Use the following settings. 4. Transfer the cleared sample to a 50-mL conical tube with 45 mL of 0.1x PBS. Wash the cleared sample several times with 0.1x PBS until no bubbles are seen when the tube is briefly shaken (to confirm the complete removal of SDS).
Immunolabeling of ACT-processed Tissues
0.1x PBS can be applied for high-resolution imaging. It should be also noted that higher salt concentrations in the buffer could cause the shrinkage of tissues.
The ACT method can clarify whole organs and even the whole body of a mouse 14 . However, deep-tissue imaging of transparent tissue requires special microscopes and objectives. Thus, brain tissue 1-to 2-mm thick is most effective for imaging with a conventional confocal microscope. In our hands, removal of the labeled antibodies from ACT-processed tissues is antibody-dependent, and rounds of different antibody labeling are not recommended. Several antibodies, such as TH and GFAP, worked especially well for whole-brain immunolabeling 14 . On the other hand, some antibodies, such as Tuj1 or Map2, often labeled only the surface of the tissues. This might be improved by other methods, such as SWITCH 15 . Another potential limitation is that it might be difficult to preserve fine protein structures in ACT-processed tissue because of the tissue swelling and shrinkage during the tissue-clearing step.
The PRESTO technique is applicable to a wide variety of tissue-labeling techniques. For example, in tissue-transparent methods using prelabeled tissue, such as SeeDB 4 and iDISCO 7 , immunolabeling of dense tissue requires incubation periods longer than several days to weeks. However, PRESTO can shorten the incubation time to several hours, enabling the completion of the entire process within a day with 1-mm thick dense tissue. PRESTO can enhance the efficacy of deep-labeling thick, dense tissues, or even un-cleared thick tissues. Because PRESTO uses a table-top centrifuge or syringe pump and does not require any special equipment, it is relatively easy to implement this technique with routine lab procedures.
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